
Application of Antifreeze Proteins for Sperm 
Cryopreservation

Introduction
Cryopreservation is an important technique used to 

store various types of cells, tissues, and organs at very low 
temperature, usually in liquid nitrogen (-196 °C) [1]. However, 
freezing and thawing process causes cryo-injuries to cells. During 
cryopreservation creation of extracellular ice may cause rupture 
of the cell membrane and recrystallization of intracellular and 
extracellular ice may further damage the cells during the freezing 
and thawing process, respectively.

Many compounds act as cryoprotectants and are used for 
protection of cells against freezing. There are two types of 
cryoprotectants: (a) membrane permeating which can freely 
diffuse the membrane such as glycerol (G), ethylene glycol (EG) 
and dimethyl sulfoxide (DMSO); (b) non permeating membrane 
which cannot permeate the cell membrane such as sugars and 
antifreeze proteins [2]. Antifreeze proteins (AFPs) and Antifreeze 
glycoproteins (AFGPs) are produced by certain fish, insects, plants 
and bacteria that protect them in extremely cold climates from 
deep freezing temperatures [1]. AFPs act by decreasing the freezing 
point, modifying the ice-crystal formation process, preventing 
recrystallization and interacting with plasma membrane at low 
temperatures [3], thus allowing these species to survive in waters 
colder than the equilibrium freezing point of their internal fluids 
[4]. Antifreeze glycoproteins (AFGPs) are categorized into 8 classes 
of descending size from AFGP1 with Mw =33.7kDa to AFGP8 with 
Mw =2.6kDa [5]. In their order of discovery, AFPs are sequentially 
numbered type I, II, III, and IV [6]. Early studies focused on AF(G)
Ps isolated from natural sources mostly fishes. Nowadays most 
laboratories produce proteins and peptides either by recombinant 
expression in a suitable host like E. coli or solid-phase peptide 
synthesis [7,8]. The first application of marine AFPs to the 
protection of membranes at hypothermic temperatures was made 
in 1990 using AFGP from Antarctic and Arctic fishes [9]. Although 
most cryopreservation trials using AFPs have demonstrated that 
the addition of AFPs could improve post-thaw sperm viability, 
regardless of the freezing method, storage temperature, and 
biological sample, several reports showed no beneficial effect [10].

In the cryopreservation of cell lines, AFPs have been used as 
additives to conventional freezing medium to reduce the high 
amount of cytotoxic cryoprotectants (CPAs) and reduce freezing 
damage. One of the cell types that AFPs were tested for its 
cryopreservation was sperm cells [11]. Freezing-thawing process 
during cryopreservation is known to be detrimental to sperm 
function and ultimately to fertility. Cryopreservation promotes 
processes of capacitation, leakage of acrosomal content and 
induction of acrosomal reaction thus reducing sperm fertilization 
capacity in the reproductive tract. Previously, fish AFPs were studied 
for their efficiency when supplemented in sperm preservation 
media for different species at freezing and chilling stages [1].

 In ram, chimpanzee, bovine, buffalo and fish, sperm quality was 
improved after cryopreservation and chilled storage by usage of AFPs 
[11]. Younis et al. [12] observed increased motility of chimpanzee 
sperm after freezing when AFPIII was used. Nevertheless, other 
studies reported better results with AFPI, such as Prathalingam 
et al. [13] AFPIII seems to have prevented the increase in the 
saturated fatty acid proportion during cryopreservation and hence 
would have interacted preferentially with unsaturated fatty acids. 
The membrane lipid composition dictates the protection conferred 
by the AFPs during chilling [14]. Nevertheless, as explained by 
Inglis et al. [15] AFPIII, in the cryopreservation solution decreases 
the loss of sperm quality and helps maintain the lipid composition 
of the plasma membrane according to the composition of the 
analyzed domains (head and flagella) during the freezing/ thawing 
process. Noteworthy, we used Antifreeze protein III in the human 
sperm freezing medium, and its results on sperm parameters are 
desirable, which will soon be published.

Finally, it is encouraging that many research groups studying 
AFP worldwide have started expanding their research into 
cryopreservation by using AFPs. We hope these concerted efforts 
will accelerate the development of biomedical application of AFPs.
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